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Semiconductor lighting technology has been increasingly widely used during 
these years, in which high power LEDs are now leading the latest generation 
illumination application. However, the defects of LED devices and heat generated 
during LED runtime will greatly limit their performance and shorten LED lifespans, 
result in LEDs reliability insufficiency. To this end, it is especially important to carry 
out LED accelerated aging which will make contributions to LED lifetime prediction, 
failure mechanism analysis. High-low temperature test chambers are used in 
traditional method of temperature control during thermal aging test. But there are lots 
of disadvantages of those hulking chambers such as discontinuous parameter detected, 
slow temperature rise, big size and high power consumption. In view of the problems 
above, this thesis focuses on research and design of the multi-channel temperature 
control system for high power LEDs online accelerated aging (hereafter referred to as 
temperature control system), whose main contents and results are as follows:  
1. The hardware of the temperature control system which includes heating units 
and temperature control device is developed. There are ten LED slots on one single 
LED heating unit, allowing temperature control simultaneously. The overall structure 
is made of lightweight and strong materials, the main components of which are 
electrical contact board, LED fixing plate, heating block and cooling base. With these 
heating units, LED temperature will rise fast, heating evenly, and it will be quite 
convenient to mount, dismount, or do any test on LEDs. The temperature control 
device with high-performance microcontrollers can accurately control LED 
temperature under real-time monitoring with a wide range. 
2. The software of the temperature control system including the MCU program 
of temperature controller as well as PC control application is also developed. First, the 
MCU program is composed of main program, various types of subroutines access, 















application using Delphi programming language and RS232 serial port along with 
Modbus communication protocol will monitor temperature control device remotely. 
Finally, tests on program communication parameters setting, synchronous read, 
control and curve monitoring of temperature were carried out one by one. 
3. The overall performance tests on temperature control system were carried out. 
First, test the temperature accuracy, consistency and stability using the method of 
measuring temperature of each contact point on heating units at different temperatures 
regulated by temperature control device with an electronic thermometer. Next, placed 
the heating unit with all 10 LEDs mounted on into the high-low temperature test 
chamber, then recorded the forward voltage value of all LEDs at several temperature 
points and the same low current value. The results obtained from this method were 
considered as the standard data in comparison with that using the method of 
temperature control system. After that, teats and analysis were carried out on the 
stability, speed and precision of temperature controlled by the system. 
The temperature control system features multi-channel LED control at different 
temperatures simultaneously, uninterrupted LED aging test, fast temperature rise, and 
high accuracy and stability. Meanwhile, this system is compact, light weighted, 
portable, better at energy conservation. These advantages made the temperature 
control system substitute for high-low temperature test chambers. With this new 
system, more detailed and accurate data of LEDs will be obtained through aging test, 
also the failure mechanism and lifetime prediction will be analyzed, offering a 
valuable way to continuously improve process and technique of LEDs. 
 



























上世纪 60 年代，首个仅能发出不可见红外 LED 进入商用。随着发光材料的
进一步研发改进，首枚 GaAsP 可见红光 LED 宣告开发成功[2]。 
到了70年代，液相外延法生长GaP:ZnO红光LED、GaP:N绿光LED、GaP:znN
黄光 LED、GaAs0.35P0.65N/GaP 橙红光 LED 和 GaAs0.15P0.85:N/GaP 黄光 LED 依次
被采用。到了这一阶段，LED 发光效率得到初步提升，从此进入 1 lm/W 时代，
不久之后，整个红-黄-绿色的光谱范围均被涵盖在内。 
20 世纪 80 年代，AlGaAs/GaAs 单异质结 LED 成功开发，但这种被日本西
泽润一研制的 LED 仅能以 10 lm/W 的光效发光，只能作为仪器设备的指示灯使
用。 
20 世纪 90 年代，以蓝宝石为衬底的超亮度氮化镓蓝光 LED 宣告研制成功，
这一基于 MOVCD 技术的成果来自日本日亚化学公司的中村修二。同一时期，
美国的 Cree 公司的 InGaN 蓝光 LED 正式面世，采用 SiC 作为衬底，从此 LED
发光效率得到大幅度提升。 















蓝光芯片。其发光机理是通过 InGaN 基蓝色 LED 芯片发出的蓝光，激发黄色荧
光粉发光，从而使蓝光与黄光混合发出白光[3][4]。高亮度照明效用、发光均匀等
特点打开了白光 LED 量产的市场，标志着 LED 大范围应用的时代来临[5]。 
以上可见，LED 的整个发展历程实际上是其发光效率受材料改进不断提高
的过程，同时也是 LED 工商业领域应用不断得到发展的过程。如今随着 LED 技
术逐步发展，以 AlInGaP 四元材料为主的黄光、橙光、红光 LED，以 InGaN 材
料为主的紫光、蓝光、绿光 LED，以及以 AlGaAs 材料制造的深红 LED，它们
一道实现了可见光波段的全彩 LED 系列。 







光、紫光、蓝光等波段，因而多用来制造蓝光和绿光 LED。白光 LED 技术在此
基础上运用 460nm 波长的 InGaN 蓝光晶粒涂层，形成一层 YAG 荧光物质，YAG
荧光物质在蓝光 LED 的照射下，产生 555nm 波长的黄色光，再加上封装材料的
混合作用，从而产生白色光。 
新技术产生之前，高亮度蓝光和绿光长期缺乏，丰富的色彩难以呈现，这一
情况随着技术的更新发生了根本性的变革。使用 GaN 材料，运用 InGaN 蓝光涂
层的白光 LED 技术从最开始的标识功能转向照明功能发展[6]。 
目前，白光 LED 仍处于发展的初级阶段，相对比白炽灯、荧光灯，白光 LED
体积小、功耗低、使用寿命长，其应用市场被广泛看好。但由于价格过高，白光





















取得了新的突破，EPLD、DSP 以及 FPGA 已经广泛投入应用，专用的 LED 控制
集成电路也处于研发阶段。有资料显示，当前我国 LED 显示屏每年的市场规模





范系统。以美国为例，克林顿气候倡议（CCI）计划在 5 年内将洛杉矶现有的 14
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